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ABSTRACT 


The  objective  of  Project  1.9  was  to  determine  the  concentration 
and  the  particle  site  distribution  of  the  pre-shook  duet  generated 
from  the  surface  of  the  ground  by  air  ourrenta  resulting  from  the  in¬ 
cidence  of  thermal  radiation  on  the  surface  of  the  ground. 

Cascade  impactors  and  filter  samplers  were  used  to  sample  pre¬ 
shock  dust  for  the  brief  period  of  time  between  the  time  of  detonation 
and  the  arrival  of  the  shock  wava  at  the  station. 

The  following  conclusions  are  drawn: 

1.  The  presence  of  pre-shock  dust  in  concentration  of  from  ten 
to  several  hundred  times  background  has  bean  established. 

2.  There  was  no  significant  difference  between  the  particle  sire 
distribution  of  pre-shock  dust  and  background  dust. 

3.  Little  variation  in  dust  concentrations  from  shot  to  shot  was 
shown. 
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1.1  CBJEC 1  i'/E 


The  primary  objoctive  of  Operation  T'JILBLEH  was  to  determine  the 
extent  of  the  loss  of  theoretical  peak  overpressure  measured  on  the 
ground  from  an  atomic  bomb  detonation  and  to  develop  scaling  Ians  for 
determining  the  optimum  height  for  such  detonations. 

Tho  objective  of  Project  1.9  was  to  determine  the  concentration 
and  the  particle  site  distribution  of  the  pre-shock  dust  generated  by 
the  action  of  thermal  radiation  on  the  surface  of  the  ground. 

These  data  will  be  applied  to  the  determination  of  the  effects  of 
thermal  radiation  on  the  loss  of  theoretical  overprossure. 

1.2  BACKGROUND 


Overprossure  results  obtained  at  Operation  BUSTER  were  1/2  to  l/3 
of  the  predicted  values.  It  has  been  postulated  that  decay  of  the  air 
shock  wave  is  due  to  sc-called  mechanical  and/or  thermal  effects.  The 
lo38  of  overpressure  might  be  tho  result  of  the  retarding  effect  of 
dust  raised  from  the  surface  of  the  ground  by  thermal  radiation.  The 
resulting  dust  may  absorb  additional  thermal  energy  and  tend  to  magnify 
the  loss  of  overprossure. 

1.3  THEORY 


1.3.1  Cascade  Impactor 

To  determine  the  particle  size  distribution  of  any  hetero¬ 
geneous  cloud  a  size-graded  sampling  method  is  desirable.  Also  to  be 
desired  is  a  minimum  amount  of  physical  strain  on  the  particles  as  / 
they  are  collected.  The  cascade  impactor,  first  developed  by  May-/  is 
particularly  suited  to  these  requirements.  The  instrument  used  in 
thess  tests  was  a  fWe-atage  instrument  designed  at  the  Amy  Chemical 
Center  2, 3, 4, 5/ ( l.l),  it  deposits  particles  in  five  different 
site  groups  in  a  manner  suitable  for  analysis  with  the  light  and/or  the 
electron  microscope.  The  larger  particles,  which  are  most  likely  to 
shattor,  are  collected  at  low  velocities.  The  main  disadvantage  of  the 
impactor  is  that  it  is  not  an  absolute  instrument,  being  that  below  a 
certain  particle  size,  the  probability  of  collection  decreases  in  a 
^rather  complex  manner. 
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1.3.2  The  Molecular  Filter 


Molecular  filters  (MF)  consist  of  a  loose  network  of  cross- 
linked  molecules  of  cellulose  ester  polymers,  which  appear  as  bright, 
white,  amooth  sheets.  Detailed  information  may  be  found  in  Goetz’  re¬ 
port,^ 


The  effective  pore  size  of  an  MF  can  be  controlled  during 
the  manufacturing  process.  The  pore  size  can  be  q  ite  accurately  con¬ 
trolled  and  varied  over  the  range  of  1  to  5,000  millimicrons.  The  pore 
openings  on  the  influent  side  are  smaller  than  on  the  effluent  side  so 
that  there  is  a  definite  "screening  action"  rather  than  a  "depth  ac¬ 
tion"  during  filtration. 

The  cellulose  esters  used  have  high  dielectric  constants. 
Due  to  the  large  difference  between  the  dielectric  constants  of  the  es¬ 
ters  and  air,  passage  of  air  through  the  filter  gives  a  strong  and 
lasting  electrostatic  charge  to  the  filter.  The  retention  of  fine  par¬ 
ticles  on  the  surface  of  a  MF  is  believed  to  be  due  to  these  charges. 

The  molecular  filter  becomes  almost  completely  transparent 
when  placed  in  a  clear  liquid  of  refractive  index  of  1.49.  The  liquid 
used  must  not  act  as  a  solvent  or  a  swelling  agent.  Particle  deposits 
on  the  MF  may  then  be  examined  optically.  A  porous  plate  or  a  wire 
mesh  screen  is  necessary  to  support  the  MF  during  filtering  operations. 

1,3.3  Factors  Influencing  the  Use  of  the  Molecular  Filter  and 

the  Caaoade  Impactor 

The  molecular  filter  in  the  sampler  allowed  a  flow  rate  of 
106  liters  per  minute  to  pass  through  &  100  cm^  circular  sampling  area. 
However,  the  MF  is  fragile  and  it  is  not  practical  ia  analyze  partioles 
smaller  than  one  micron  with  an  optical  system. 

The  cascade  impactor  separates  partioles  into  five  size 
groupings  which  range  from  100  miorons  to  0.1  micron.  These  groupings 
may  be  analyzed  with  optical  and  electron  microscopes.  The  instrument 
however,  has  a  flow  rate  of  about  12,5  liters  per  minute,  which  is  a 
disadvantage  because  of  the  short  sampling  time  available  on  this  pro¬ 
ject. 
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CHAPTER  2 


INSTRUMENTATION 


2.1  lES  ION  RE  gj  IRE  ME  NTS 

The  sampling  apparatus  was  designed  to  meet  the  following  specifi¬ 
cations! 

1*  A  representativa  dust  sample  must  be  obtained. 

2.  The  period  of  sampling  must  be  limited  to  the  interval  between 
the  time  of  detonation  and  the  time  of  arrival  of  the  shook  wave. 

3.  The  maximum  percentage  of  the  available  cloud  sample  must  go 
through  the  sampling  apparatus. 

4.  The  samplers  must  be  easily  removable  from  their  mountings  in 
order  to  minimize  exposure  of  personnel  to  radiation. 

2.2  DESCRIPTION 


2.2.1  Cascade  Lnpaotor  Sampler 

Tho  o&3cade  impactor  was  connected  by  use  of  a  tee  to  a 
solenoid  valve  and  a  filter  (Chemical  Corps  Canister,  Aerosol,  E-12). 

The  connecting  pipe  fittings  were  selected  so  as  to  have  a  minimum  vol¬ 
ume  (see  Sec.  2,1),  A  damp  was  used  to  hold  the  c&soado  impactor  in¬ 
let  socurely  against  a  gasket  (Fig.  2.1), 

The  valve  was  a  Barksdale  "Shear-eoalM  slide-type,  quick- 
closing  valve,  spring  loaded  to  the  closed  position.  This  valve  al¬ 
lowed  on  essentially  straight-line  flow  of  dust  samples  to  the  samplers; 
the  minimum  flow  passage  diameter  was  26/32  in.,  (Fig.  2.2). 

The  filter  contains  Chemical  Corps  Type  6  paper,  which  has 
a  mean  efficiency  of  99.8  per  cent  when  filtering  the  gross  particulate 
contaminant  Misting  in  an  atomic  bomb  cloud  a  few  minutes  after 
detonation.//  Air  cleaned  by  this  filter  uwept  the  remaining  dust  sam¬ 
ples  out  of  tho  intake  sampling  line  and  o;  to  the  sampling  surface.  Vftvm 
the  vaouum  pump  was  operating  with  the  sols -sold  valve  dosed,  air,  af¬ 
ter  passing  through  the  filter,  wsb  drawn  through  the  sampler.  ''Vhon 
the  solenoid  valve  opened,  all  of  the  air  was  drawn  through  the  valvt 
inlet,  because  of  tho  high  reoistanoe  to  air  fl^w  offered  by  the  filter. 

2.2.2  Filter  Sampler 

Whu.i  ualng  the  molecular  filter  material,  the  filter  sampler 
replaced  the  cascade  impaotor  in  the  assembly  shown  in  Fig.  2.1.  The 


IS 


Flg.2.1  C  aacade  Impactor  Sampler*  baft  to  Right  the  Solenoid  Valve, 
Filter,  Connecting  Clomp  With  tho  Impactor 

effluent  aide  of  tne  sampler  was  oonuectod  to  a  vacuum  puap  (capacity 
la  4,8  ofm,  at  20  inches  of  aorcury).  See  Appendix  C. 

The  molecular  filter  matorial  used  (Type  HA,  "Millipore" ) 
•was  made  by  tho  Lovell  Churaical  Co.,  Watertown,  Mass.,  using  the  Goets 
rooosa£/  This  filter  material  was  placed  in  a  filter  holder  having 
"back-up"  screens  to  support  both  sides  of  the  filters  during  use.  The 
sampling  surface  was  a  circular  area  of  100  sq.  cm.  (Soo  Fig.  2.3.) 

2.2.3  Control  Circuit 


The  110  volt  power  available  at  each  sampling  pit  was 
brought  in  from  a  central  power  source  by  underground  cables.  The  cir- 
ouit  (Fig.  2.4)  was  used  to  obtain  properly  controlled  operation  of  the 
sampling  equipment  during  tho  timo  interval  betwoen  the  arrival  of  the 
thermal  wave  and  the  arrival  of  the  shook  wave  at  each  station.  The 
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Fig.  2.3  The  Filter  Stapler,  Aerosol  Canister,  and  Solenoid 

Valve  (A  sheet  of  Molecular  Filter  Material  is  shown 
in  the  foreground) 

ooils  of  relays  Ep  and  Eg  of  equipment  supplied  by  Edgerton,  Gemeshau- 
aen,  and  Grier  were  activated  by  the  arrival  at  the  station  of  an  olec- 
trioal  impulse. 

The  eleotrioal  impulso  reoeived  by  ooil  at  H-15  second 
closed  switch  E^,  operating  relay  which  closed  switches  J-q  and 
thus  starting  the  vacuum  pump  motors.  A  second  signal  was  reoeived  by 
ooil  Eg  at  H-2,5  seconds.  This  time  interval  of  12.5  seoonds  permitted 
the  motors  to  attain  rated  speed  conditions  and  attain  rated  vaouum  on 
the  samplers.  Air  was  drawn  through  the  aerosol  canister  and  sampling 
lines  during  this  period  but  sinoe  the  valves  wore  dosed,  the  sample 
collecting  devices  reoeived  nc  particulate  mattor. 
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Tha  electrical  impulse  at  H-2 . 5  seconds  energized  ooil  (E2)* 
closing  switch  (Eo),  and  energizing  relay  coil  (J3)  which  closed  switches 
(J31)  and  (J32),  thus  opening  tho  solenoid  operated  valves.  This  was 
the  beginning  of  the  sampling  period  which  was  recorded  by  the  olook 
(C),  This  clock,  having  one  second  sweep  hand,  could  be  read  to  one 
thousandth  of  a  second. 

The  blast-closure  device  (Fig.  2.5)  was  located  a  short 
distance  toward  ground  zero  from  the  sampling  station.  The  exact  lo¬ 
cation  of  this  device  was  chosen  so  that  the  sampling  would  stop  im¬ 
mediately  prior  to  the  arrival  of  the  shook  wave  at  the  sampling  ports. 

The  shock  wave  acting  on  tho  blast-closure  device  mechani¬ 
cally  closed  the  micro  switch,  thus  energizing  the  three  parallel  re¬ 
lay  coils  (J2,  the  thermal  delay  relay,  and  L^)«  Electrically  looking 
relay  J2  insured  operation  after  the  micro  switch  had  closed.  Relay 
L2  opened  switch  L2,  thus  de-enarg i zing  th6  solenoid  valves,  stopping 
the  clook,  and  ending  the  collection  of  samples.  However,  the  thermal 
delay  relay  kept  the  vacuum  Dump  in  operation  until  tho  part  of  the 
sample  still  in  the  sampling  linos  had  been  transferred  to  the  collect¬ 
ing  surface.  After  a  delay  of  seven  seconds,  the  entire  oircuit  was 
de-energizsd. 


Fig.  2.5  Installation  at  Frenchman  Flat  F-202.  The  blast- 
closure  microswitches  are  in  the  foreground.  The 
ground  and  10-ft,  level  boxes  are  to  the  left. 
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2.3  STATION  EQUIPMENT 

For  Shot  1  at  Frenchman  Flat,  identical  installations  were  mads  at 
ground  and  10  ft.  levels  at  stations  K-202  and  F-204.  The  samplers 
were  mounted  inside  metal  boxes  (Fig.  2.6)  so  that  samples  entered 
through  pipe  nipples  looated  in  the  box  side  six  inoheB  above  the  box 
bottom.  The  ground  level  samples  mere  obtained  by  samplers  in  boxes 
whioh  mere  bolted  onto  a  oonorete  base,  mhile  the  sample  at  the  10  ft. 
level  mas  taken  dirootly  above  the  ground  level  sample  (Fig.  2.8). 

A  mood-lined  underground  pit  (Fig.  2. 7), 10  ft.  to  the  rear  <£  the 
ground  level  sampler,  oontai.ned  the  vacuum  pumps,  relays,  and  timing 
equipment. 

Area  7  m&s  used  for  Shots  2,  3,  and  4.  Three  stations,  7-201, 
7-202,  and  7-204,  mere  instrumented  in  this  area.  Homever,  on  Shot 
3,  station  7-201  mas  used  for  background  measurements.  At  station 
7-204,  on  Shot  4,  an  ertra  filter  sampler  mas  installed  in  the  ground 
level  box  for  background  measurements.  The  stations  in  this  area  were 
215  ft.  east  of  the  corresponding  stations  on  the  main  blast  line. 

)  box  at  ground  level  in  area  7  was  mounted  as  at  Frenchman  Flat, 
homever,  the  sampler  collecting  the  10  ft.  level  sample  mas  in  a  box  on 
top  of  a  7-1't.  tower  of  the  type  used  by  the  Chemioal  CorpB  in  Operation 
JANGLE.  The  tower  mas  mounted  on  a  foundation  extending  one  foot  above 
ground  level  (Fig.  2.8). 

Hires  and  tubing  to  the  boxes  mere  enclosed  in  iron  pipe.  All 
boxes  mere  covered  with  aluminum  sheeting  to  reflect  part  of  the  ther¬ 
mal  wave. 

2.4  FLOW  CALIBRATION 


The  samplers  (Molecular  Filter  and  Cascade  Impaotor)  were  cali¬ 
brated  in  the  field,  using  a  dry  tsst  meter. 
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TEST  SITE  OPERATIONS 


3.1  DETONATION  DETAILS 

This  series  of  tests  was  run  as  a  portion  of  the  study  or  the  four 
atomic  bomb  detonations  comprising  Operation  TUUBIER.  A  1.05  kilo  ton 
bcnb  was  detonated  at  793  ft*  elevation,  at  0900  hrs.,  1  April  1952j 
a  1.15  kiloton  baab  at  1109  ft.,  at  0930  hrs.,  15  April  1952]  a  30  Idl- 
oton  bcnb  at  3447  ft.,  at  0930  hrs.,  2 2  April  1952;  and  a  19.6  kiloton 
bomb  at  1040  ft.,  at  GS30  hr  a. ,  1  May  1952.  All  time*  given  are  Pacif¬ 
ic  Standard  Tine. 

3.2  INSTALLATION  OF  SAMPLING  EQUIPMBiT 

During  the  night  before  Shot  1,  the  ground  around  t.he  blast  line 
stations  was  thoroughly  watered  down.  Particular  care  had  been  taken 
to  see  that  ground  was  smoothed  end  hardened  around  the  ground  level 
boxes.  This  was  not  done  on  the  last  three  shots  in  order  that  the 
area  would  be  in  approximately  the  same  condition  as  it  was  during 
Operation  BUSTER.  The  ground  was  nostly  bars*  ungraded,  and  loosely 
packed 

The  cascade  impaotors  used  in  this  projeot  wsrs  oleaned,  as sent led, 
and  loaded  with  the  plastio  slides  and  electron  mioroscopo  films  at 
Army  Chamioal  Center  before  shipment  to  the  Nevada  Proving  Urounds.  The 
ends  of  the  oaaoade  impaotors  wars  sealed  to  prevent  contamination. 

The  filter  samplers  were  loaded  with  the  molaoular  filters  at  the 
site.  The  intakes  and  exhausts  of  all  sampling  equipment  were  sealed 
until  they  were  actually  mounted  in  the  station  boxes. 

No  Impaotors  or  filter  samplers  were  actually  installed  ai  the 
stations  until  all  timing  signal  "dry  runs"  had  been  completed. 

After  the  first  shot,  a  large  amount  of  grease  was  notioed  in  the 
interior  of  the  valves.  Before  eaoh  succeeding  shot,  the  entire  stap¬ 
ling  train  was  oleaned  with  oar bon  tetraohloride  or  aoetone.  The  in¬ 
lets  of  the  valves  were  then  kept  sealed  until  shortly  before  use. 

Before  eaoh  shot,  the  underground  pits  were  covered  with  sandbags 
and  dirt. 

3.3  REMOVAL  AND  PACKING  OF  SAMPLING  EQUIPMENT 

The  equipment  was  removed  from  the  sampling  stations  as  soon  as 


permitted  after  anon  snct.  Sampler  intakes  and  exhausts  were  immediate¬ 
ly  sealed  to  prevont  contamination. 

At  Yucca  Flat  Airstrip,  the  cascade  impactors  were  placed  in  ship¬ 
ping  boxes.  Bach  molecular  filter  used  with  Shot  1  was  put  into  a 
rinyi  bag  before  being  placed  in  a  shipping  box.  All  other  used  mo¬ 
lecular  filters  were  mounted  on  a  rigid  plastic  plate,  influent  side 
out.  and  then  packed  and  sealed  in  a  dust  free  box.  All  operations 
in  which  the  sampling  surfaces  were  exposed  to  t he  atmosphere  were  per¬ 
formed  in  the  closed  cab  of  a  truck.  Within  four  hours  after  removal 
from  the  sampling  station,  each  sample  was  placed  aboard  a  oourier 
plane  and  rushed  to  Army  Chemical  Center  for  study. 

3.4  ANALYSIS  AT  AJd'.Y  CHEMICAL  CENTER 


3.4.1  Cascade  Impactor  Analysis 

When  exposed  impactors  were  received  from  the  test  site 
they  were  monitored  for  radiation,  and  if  3afe  were  unloaded.  The  im¬ 
paction  areas  of  all  jets  were  measured  using  scattered  light.  The 
first  and  second  jet  samples  were  examined,  projected,  and  counted  at 
1.O00X  using  a  light  microscope.  The  third  and  fourth  jet  samples 
were  photographed  using  the  electron  microscope;  the  electron  micro¬ 
graphs  were  then  projected  and  counted  at  10.000X.  The  fifth  jet  sam¬ 
ples  were  photographed  using  the  electron  microscope;  the  electron  mi¬ 
crographs  were  projected  and  counted  at  5O,OO0X.  Heavy  oil-like  de¬ 
posits  and  oversampling,  combined  with  a  large  concentration  of  fibres, 
made  the  analysis  of  a  few  samples  impossible. 

3.4.2  Molecular  Filter  Analysis 

One  half  of  each  filter  wa3  mounted  on  a  clean,  polished 
glass  plate.  Several  drops  of  acetone  were  placed,  at  random  spots, 
on  the  filter  dissolving  small  areas  of  the  filter.  This  treatment 
left  the  particulate  material  in  an  ideal  form  for  microscopic  exami¬ 
nation  using  transmitted  light.  With  the  use  of  the  light  microscope 
projection  apparatus,  the  areas  oleared  by  acetone  were  then  projected 
at  l,OOOX  and  counted.  As  in  the  case  of  the  cascade  impactor  samples, 
fibers  were  also  noted  on  the  molecular  filters;  however,  in  no  case 
was  the  fiber  concentration  great  enough  to  hinder  analysis. 

Microphotographs  of  the  five  stages  of  a  representative 
cascade  impactor  and  a  molecular  filter  are  shown  in  Figure  3.1.  The 
molecular  filter  and t he  first  and  second  impactor  stages  were  magnified 
280X,  the  third  and  fourth  stages  2,800X,  and  the  fifth  7,600X.  Asbes¬ 
tos  fibers  are  seen  in  stageB  2,  3,  4,  and  5.  The  foggy  background  on 
the  5th  stage  is  due  to  oil  deposits.  The  porelike  background  on  the 
molecular  filter  raicrophotograph  is  characteristic  of  the  filter  after 
the  addition  of  acetone. 
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Shot  4,  Station  7-204,  Ground  Level  Cascade 
paotor  and  Molecular  Filter  Photomicrographe 
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CHAPTER  4 


RESULTS 


4.1  PARTICLE  SIZE  AND  HUMBER  DISTRIBUTION 


4.1.1  Cascade  Impactors 

The  cascade  impactor  samples  were  analyzed  for  particle 
size  data  only.  Figure  A.l  is  a  sample  calculation  sheet  for  a  com¬ 
plete  cascade  impactor  sample.  The  number  of  particles  in  each  class 
interval  on  each  jet,  corrected  by  the  jet  area  factor,  has  been  en¬ 
tered  in  the  appropriate  position  in  the  first  five  columns.  The  total 
number  of  particles  in  each  class  interval  was  then  obtained  by  adding 
the  entries  in  each  row.  The  remainder  of  the  sheet  consists  of  the 
calculations  leading  to  cumulative  per  cent  undersize  by  number,  by 
surface,  and  by  raa68.  The  average  diameter,  Dav,  was  calculated  from 
the  size  and  the  total  number  columns.  Previous  to  tho  analysis  of  the 
complete  impactor  sample,  each  individual  jet  was  analyzed  in  the  man¬ 
ner  just  described.  The  number,  median  diameter,  surface  median  diame¬ 
ter,  mass  median  diameter,  geometric  standard  deviation,  average  diame¬ 
ter,  total  number,  summation  of  median  diameter  squared,  and  summation 
of  median  diameter  cubed  for  each  jet  and  each  impactor  are  shown  in 
Figures  A. 2  and  A. 3.  Log-probability  plots  were  made  for  each  complete 
impactor  sample.  These  plots  are  shown  in  Figures  A. 4  through  A. 16. 
Plots  of  partiole  Bize  distribution  for  each  impactor,  on  log-linear 
paper,  are  shown  in  Figures  A. 17  through  A. 29.  The  mean  Bize  of  each 
range,  where  a  range  of  one  half  to  twice  the  stated  size  wrb  used,  has 
been  plotted  against  the  average  number/cc  of  air  in  the  range.  Table 

4.1  lists  the  particle  concentration  of  each  impactor;  how  this  con¬ 
centration  was  determined  is  shown  in  Table  A.l. 

In  general,  calculations  were  carried  out  to  four  signifi¬ 
cant  figures  and  the  final  values  were  then  reduced  to  three  signifi¬ 
cant  figures.  The  use  of  two  significant  figures  would  be  more  in 
keeping  with  the  accuracies  expected.  The  impaction  area  measurements 
have  a  possible  error  of  f  10$  due  to  their  imperfect  definition;  and, 
the  possible  error  arising  from  misclassifying  a  particlo  by  one  clas-. 
interval  is  also  about  4  10$.  Since  a  large  number  of  particles  (ap 
proximately  500/jet  or  F, 500  lapaotions)  were  measured,  it  is  probable 
that  values  based  on  calculations  (average  diameter,  total  number,  etc.) 
are  accurate  to  4  10$.  The  median  diameters  and  the  geometric  standard 
deviation  for  each  sample  were  obtained  from  lines  drawn  to  represent 
the  trend  of  the  data. 
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4*1*2  Molecular  Filters 


The  number  of  partiolea  with  diameters  of  one  micron  or 
more  per  square  centimeter  of  molecular  filter  was  determined  and  the 
number  of  suoh  particles  per  cubic  oentimeter  of  air  calculated.  The 
results  are  shown  in  Table  4.1.  Particles  below  one  micron  in  diameter 
were  not  oounted  because  this  site  is  near  thu  limit  of  resolution  of 
the  light  miorosoope  and  therefore  difficult  to  examine.  Figures  A, 30 
through  A.49  are  graphs  showing  the  number  of  partioles  per  cubic  oen¬ 
timeter  of  air  as  a  function  of  particle  site. 

4.1.3  Correlation  of  Cascade  Impactor  and  Molecular  Filter  Data 

Dust  concentration  on  filter  samplers  and  cascade  impaotors 
are  in  fair  agreement.  For  example,  at  Station  F-204-9,  6.2  per  cent 
of  the  impaotor  particles  were  greater  than  one  mloron  in  diameter. 

From  Table  4.1,  7.65  x  104  partlcles/oc  of  air  greater  than  one  mior 'n 
were  oounted  on  the  filter,  giving  7*66  x  104  —  0.062  *  1.2  x  10®  par- 
tioles/oc  of  air  on  the  filter.  The  impaotor  results  from  this  station 
are  1.72  x  10®  partioies/cc  of  air. 

4.1.4  External  Factors  Affecting  Results 

Throughout  the  operation,  casoade  impaotor  samples  were 
more  easily  spoiled  by  foreign  material  than  were  the  molecular  filter 
samples. 


Cascade  impaotor  samples  for  Shot  1  at  the  ground  level  of 
both  stations  were  rendered  useless  by  an  oily  mist.  It  was  suspsated 
that  this  oil  was  from  the  cables  supporting  the  50-ft.  towers.  During 
suooeeding  shots,  these  cables  were  wrapped  with  aluminum  foil  to  pre¬ 
vent  vaporisation  of  oil.  However,  both  of  the  impaotors  at  station 
7-201  oolleoted  oil  during  Shot  2* 

Carbon  particles,  mixed  with  the  sample  obtained  during 
Shot  3  by  the  station  7-202  impactor  at  ground  level,  made  analysis 
impossible.  The  oarbon  probably  oame  from  burning  sagebrush  fragments. 

The  shook  wave  of  Shot  4  destroyed  the  impaotor  samples  at 
station  7-202  and  station  7-204  and  also  the  filter  samplers  at  the  10 
ft.  level.  The  filter  sampler  at  the  station  7-202  ground  level  col¬ 
lected  a  large  amount  of  dust. 

Fibers  were  found  on  several  oaeoade  impaotor  slides,  there¬ 
by  making  analysis  of  the  slides  difficult.  These  fibers  were  found  to 
be  orooic’olite  asbestos  fibere  which  are  a  component  of  the  filter  ma¬ 
terial  usid  in  the  Chemloal  Corps  Aerosol  Canister,  E~12* 
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TABUS  4.1 

Cascade  Imp actor  aiul  Moleoular  Filter  Concentration  Data 


Station 

Particles 

Per  cc 

(by  impactor) 

Particles 

Per  cc 
(by  filter) 

_ _ J  JA 

F-202U 

1.06  x  10G 

3.52  x  104 

F-202L 

oil  deposit 

4.19  x  104 

F-204U 

1.72  x  10$ 

7.65  x  104 

F-204L 

oil  dopes  it 

2.44  x  104 

B-201U 

oil  deposit 

1.05  x  104 

B-201I, 

oil  deposit 

3.15  x  104 

B-202U 

1.41  x  lQf’ 

1.02  x  104 

b-202u 

3.57  X  105 

9.74  x  103 

B-204U 

2.86  x  104 

2.97  x  103 

B-204L 

2.65  x  104 

2.60  x  103 

C-201U 

2.53  x  103* 

2.12  x  102* 

C-201L 

1.65  J  103* 

2.10  x  102* 

C-202U 

4.10  x  104 

1.02  x  104 

C-202L 

carbon 

deposits 

1.10  x  105 

C-204U 

9.34  x  104 

2.77  x  103 

C-204L 

B. 07  x  K>4 

5.22  x  104 

D-201U 

Smashed 

Blast 

D-201L 

Full  of  Dirt 

Blast 

D-202U 

Smashed 

Blast 

D-202L 

Damaged 

8.31  x  106 

D -204\i 

1.19  x  106 

3.91  x  103 

D-204L 

2.22  x  105 

2.49  x  104 

D-204BG 

Not  uaod 

1.20  x  103^ 

10.5  3.4  x  10s 


1.2  x  106 


3.1  x  10S 

2.1  x  105 
0.6  x  104 
6.8  x  104 

6.2  x  103* 
1.1  x  104* 
2.0  x  10& 


2.5  x  10& 
7.2  x  10& 


1.6  x  106 
6.2  x  10& 
3.0  x  104 


Ch  x> 

o  ©  u 

f>  o 
c  o  *o 
O  in 

•H  ©  O 
•P  «  X 

'i  g  i 
S*g  A 


Traoes  of 
loose  dust 

Grayish 


Traces  of 
looeo  dust 


Traoes  of 
loose  sand 
Tracoo  of 
loose  sand 

Traoes  of 

loose  sand 

Buniod 

Burned 

Broken 

8oorchod 

Loose  sand 


II  refers  to  10  ft.  level  stations 
L  refers  to  ground  lovel  stations 
BG  or  *  refers  to  background 

F.  B,  J,  and  D  refer  to  Shots  1  (Frenchman  Flat),  2, 3, and  4,  respec¬ 
tively. 


4.2  Ranges  to  Stations 

The  nominal,  ground  and  slant  ranges  to  eaoh  station  are 
shown  in  Table  4.2. 


TABLE  4.2 


Ranges  to  Stations 


1 _ _ —  •—  --  ■  -  ■  - - -1 

Station 

Nominal  Ground 

Actual  Ground 

Aotual  Slant 

Range  Ft 

Range  Ft 

Range  Ft 

F-202J 

600 

680 

980 

F-202L 

600 

680 

980 

F-204U 

1000 

1070 

1330 

F-204L 

1000 

1070 

1340 

B-201D 

750 

830 

1270 

B-201L 

760 

830 

1270 

B-202U 

1600 

1380 

1770 

B-202L 

1500 

1380 

1770 

B-204U 

3000 

2890 

3100 

B-204L 

3000 

2890 

3100 

C-201U 

760 

660 

3600 

C-201L 

760 

660 

3500 

C-2020 

1600 

1400 

3710 

G-202L 

1600 

1400 

3720 

C-204U 

3000 

2900 

4600 

C-204L 

3000 

2900 

4610 

D-201U 

750 

680 

1240 

D-201L 

760 

630 

1260 

D-202U 

1600 

1390 

1730 

D-202L 

1500 

1390 

1740 

D-204U 

3000 

2870 

3060 

0-2O4L 

3000 

2870 

3060 

D-2O4B0 

3000 

2870 

3050 

U  refers  to  10  ft.  lerel  stations 
L  refers  to  ground  lerel  stations 
BG  or  e  refers  to  background 

F,  B.  C,  and  D  refer  to  8hots  1  IFrebotaan  Flat).  2.  3,  and  4. 
respectively. 
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CHAPTER  5 

DISCUSSION 


6.1  MECHANISM  OF  SAMPLING 

Thu  technique  of  sampling  the  pre-shook  dust  using  sampling 
periods  of  tho  order  of  one  second  was  entirely  successful.  All 
sampling  stations  operated  as  planned. 

5.2  DIFFERENCE  IN  RESULTS 


The  number  of  paxtiolos  per  oubic  centimeter  of  air  as  determined 
by  the  iwpaotor  analyais  was  usually  one-half  to  one-third  of  the  es¬ 
timated  number  of  partioles  on  the  corresponding  filter  sampler.  The 
disparity  in  the  results  may  be  due  to  non-isoklnetio  sampling,  the 
effect  of  which  cannot  be  estimated. 

6.3  RESULTS 


The  data  show  the  order  of  magnitude  of  the  pre-shock  duot  con¬ 
centration  at  ground  and  10  feet  levels  and  also  background  or  normal 
duet  concentrations.  No  information  was  obtained  on  the  partiole  con¬ 
centration  at  heights  greater  than  10  ft.  above  the  ground;  oonaequent- 
ly  no  estimate  could  be  made  of  the  total  number  of  particles  raised 
by  the  thermal  wave. 

Table  H.i  shows  that  tha  pre-shock  dost  concentrations  are  generally 
ten  to  several  hundred  tlmee  the  background  or  no raid  dust  concentrations. 
As  an  exaaqple,  for  Shot  3,  the  pre-shook  dust  concentrations  as  determined 
from  filter  sample#  range  fro  a  a  minima  of  2.77  *  10  ’  to  a  maximum  of 
1,1  x  10 5  partiolee/oo  while  the  background  oonoentrations  are  2.1  x  102, 
the  ratlee  of  pre-shock  to  background  dust  concentrations  for  these 
stations  rang*  f roe  approximately  10  to  300* 
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ilAPTEK  6 


CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  CONCLUSIONS 


The  presence  of  pre-sho^k  dust  with  concentrations  of  from  tan  to 
several  hundred  times  background  or  normal  dust  concentration  has  been 
established.  The  depth  of  the  duat  layer  extends  to  at  least  10  ft. 
above  the  ground  surface.  Dust  concentrations  decreased  slightly  be¬ 
tween  stations  7-202  and  7-204  at  both  sampling  leva’s.  Little  varia¬ 
tion  of  dust  oonoeutrationa  fron  shot  to  shot  was  shown. 

Although  the  soil  moisture  content  was  usually  abnormally  high, 
dust  concentrations  several  hundred  times  background  were  obtained. 

This  was  particularly  true  for  Shot  4.  The  ground  was  thoroughly 
soaked  from  rainfall  and  a  heavy  dew,  and  yet,  as  much  dust  was  pro¬ 
duced  at  station  7-204  as  on  Shot  3.  However,  the  thermal  radiation 
was  higher  on  Shot  4  than  on  any  other  shot. 

There  was  no  significant  difference  between  the  partiole  site 
distribution  of  pre-shock  dust  and  background  dust.  The  pre-shock 
dust  partioles  appeared  to  be  similar  to  the  background  particles 
although  on  some  samples  from  Shots  3  and  4  there  appeared  to  be 
traoes  of  transparent,  spherical  partioles.  These  were  probably  par¬ 
ticles  of  fused  sand, 

6.2  RECOMMENDATION  S 

If  analysis  of  the  blast  phenomena  indicates  a  need  for  the  data, 
improved  techniques  should  be  developed  to  sample  pre-shock  duet  on 
future  atomic  weapons  tests.  In  order  to  determine  the  depth  of  the 
dust  layer,  samples  should  be  oolleoted  at  several  heights  ranging  frc* 
aero  to  considerably  more  than  10  ft.  above  the  ground. 


APPENDIX  A 


PARTICLE  DISTRIBUTION  DATA 


TABLE  A.l 

Particle  Concentration  From  Cascade  Irapactors 


Station 

Sampling 

Tine  (See) 
•mm 

Flow  Rata 
co/sao 

Sample 
Volume 
cc  * 

Total 

Particles 

On  Impactor 

Partioles 

Per  cc** 

F-202U 

0.45 

215 

19 

2. go  x  io7 

1.06  x  106 

F-202L 

0.48 

223 

F-204U 

0,72 

208 

72 

1.24  x  107 

1.72  x  105 

F-204L 

0.72 

223 

B-201U 

0.34 

203 

B-201L 

0.32 

210 

B-202U 

0.64 

223 

65 

9.14  x  10^ 

1.41  x  105 

B-202L 

0.65 

217 

63 

2.25  x  107 

3.67  x  105 

B-204U 

1.70 

227 

308 

8.80  x  10S 

2.86  x  104 

B-204L 

1.71 

210 

281 

8.29  x  10S 

2.95  x  10* 

C-201U 

12.5 

208 

2522 

6.38  x  106 

2.53  x  103 

C-201L 

12.5 

210 

2522 

4.20  x  10 6 

1.65  x  103 

C-202U 

1.47 

208 

228 

9.35  x  106 

4.10  x  104 

C-202L 

1.46 

215 

C-204U 

2.05 

218 

369 

2.45  x  107 

9.34  x  104 

C-204L 

2.04 

202 

334 

3.09  x  107 

9.07  x  104 

D-201U 

D-201L 

D-2020 

0.03 

D-202L 

0.04 

D-204U 

0.89 

227 

124 

1.47  x  107 

1.19  x  105 

D-204L 

0.89 

210 

109 

2.42  x  107 

2.22  x  105 

*  This  volume  equals  the  product  of  flow  rate  and  sampling  time  minu^ 
thu  78  cc  volume  of  sample  trapped  between  the  inlet  and  the  closed 
gate  valve,  which  did  not  reaoh  the  impaotor.  Beoause  of  the  much 
larger  flow  rates  through  the  molecular  filters,  this  78  oo  volume 
correction  was  not  made  for  such  flow, 

**  Particle  oonoentration  on  molecular  filters  was  similarly  calculated. 
'"Detonation  to  time  of  blast  arrival. 
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3  and  4,  Sunmory  Sheet  of  Cascade  lapaotor 
Individual  Jet  Sample  Parametera 
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Particle  Size  Distribution,  Cascade  Impactor,  Station  F-202-J 
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Station  B-202-L 
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Particle  Sire  Distribution,  Cascade  Impactor,  Station  C-204-L 
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Fi^.  A%18  Pre-shock  Dust  Partiole  Siie  Distribution, 
Cascade  Impactor,  Station  F-204-U 
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Fig.  A. 19  Pra-ahook.  Dust  Particle  iiise  Distribution, 
Cascade  Impactor,  Station  13—201-  — U 
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Fig.  A»20  Pre-shock  Dust  Particle  Size  Distribution, 
Cascade  Impactor,  Station  B-202-L 
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Kig.  A. 21  Pre-shook  Dust  Particle  Site  Distribution, 
Cascade  Impactor,  Station  B-204-U 
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Fie*  A. 24  Pre-shock  Dust  Particle  Site  Distribution, 
Cascade  Irapactor,  Station  C-201-L 
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Fig.  A. 26  Pre-shook  Dust  Partiole  Sit*  Distribution 
Caucada  Ijnpactor,  Station  C-202-U 
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Fig.  A. 26  Pre-ahoolc  Duet  Particle  Sire  Distribution, 
Caeoade  Irapaotor,  Station  C-204-U 
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NUMBER  OF  PARTICLES /««  OF  AIR 


C-C64-L  (0) 


Fig.  A.27  Pre-shock  Dust  Particle  Site  Distribution, 
Casoade  Ispaotor,  Station  C-204-L 
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UMBER  OF  PARTICLES 


0*t04*U  (K) 


Fig.  A. 28  Pre-ahock  Dust  Particle  Sire  Distribution, 
Cascade  Iapaotor,  Station  D-204-U 
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Fig.  A. 32  Pre-shook  Dust  Particle  Site  Distribution, 
Molecular  Filter,  Station  F-204-U 
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PARTICLE  SIZE  ,  MICRONS 


Fig.  A. 33  Pre-ahook  Duat  Partiela  Siie  Di attribution 
Molaoular  Filtar,  Station  F-204-L 
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Fig.  A*41  Pre-ahook  Dust  Particle  Size  Distribution, 
Molecular  Filter,  Station  C-201-L 
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NUMBER  OF  PARTICLES/cc  OF  AIR 


Fip.  A. 42  Fre-ehock  Dust  Particle  Site  Distribution, 
Moleoular  Filter,  Station  C-202-U 
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Fi(>  A. 44  Pre-shock  Dust  Particle  Size  Distribution, 
Molecular  Filter,  Station  C-204-U 
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Fig.  A. 45  Pre-shoolc  Dust  Partiolo  Sice  Distribution 
Molecular  Filter,  Station  C -204-L 


Fig.  A. 46  Pre-shook  Dust  Particle  Site  Distribution, 
Molecular  Filter,  Station  D-?0?.-L 
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e  Size  Distribution 


APPENDIX  B 


DADA'JE  TO  STATIONS 


B.l  EFFECT  OF  SHOTS 


No  dp  -ra  was  caused  by  the  first  ttireo  3hcta;  however,  the  fourth 
shot  oaufl'  lmost  completely  demolished  stations  7-201  and  7-202. 

B.2  STATION  7-201 

At  station  7-201,  the  sampling  box  at  the  10  ft.  level  was  moved 
50  ft.  to  the  rear  of  the  foundation  and  the  importer  and  filter  sampler 
broken.  Tho  ground  level  box  stayed  on  its  foundation  and  the  samplors 
remainod  on  their  mountings,  but  samploo  could  bo  obtainod.  Both  mo- 
leoular  filters  were  apparently  burned  up  by  thermal  radiation.  Tho 
canisters  aero  blown  away  from  the  upper  samplers.  Tno  lower  canister 
paper  was  scorched. 

B.3  STATION  7-202 

At  station  7-202,  tho  upper  sampling  box  was  blown  about  600  ft. 
from  the  foundation.  The  only  usable  samplo  obtainod  at  this  station 
was  on  the  molecular  filter  at  ground  level. 

At  both  stations,  tiie  aluminum  ooverinp,  the  boxos  and  £uy  wires 
disappeared,  presumably  by  burning.  Also,  tho  pressure  actuated  mi- 
oroswitch  supports  were  bent  to  the  ground. 

8.4  STATION  7-204 

At  station  7-204,  scnno  ulumiman  shooting  was  stripped  off  tin 
wiros.  No  other  damage  was  done. 


ikWuiAlili  fiitAik.iifc .. 
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LETAILS  OF  CASCADE  IMPACTOR  ASSEMBLY 


For  Shot  1,  the  first  and  second  jets  of  the  impactor  were  loaded 
with  plain  plastic  slides,  however,  for  the  rest  of  the  shots,  plain 
glass  slides  were  used  in  the  first  and  second  jets  because  of  diffi¬ 
culties  encountered  in  cleaning  the  plastic  slides.  The  third  and 
fcmrth  jets  were  loaded  with  plastic  slides.  Into  each  slide.  Figure 
C.l,  are  fastened  two  electron  microscope  screw-cap-screen  assemblies. 

The  200-mesh  screen  supported  a  formvar  film.  The  fifth  jet  of  each 

impactor  was  loaded  with  a  plastic  slide,  which  contained  a  formvar  I 

film  in  an  electron  microscope  screw-cap-400-mesh  screen  assembly. 

This  use  of  400-mesh  screen  and  formvar  film  is  new.  The  formvar  film 
was  used  because  it  is  very  tough  and  apparently  unaffected  by  the 
electron  beam  in  the  electron  microscope. 


& 


ELECTRON  MICROSCOPE  SCREEN  HOLDER 
^/ELECTRON  MICROSCOPE  SCREEN 


ASSEMBLED  SAMPUNG  SLOE 


Fig.  C.l  Caecade  Impactor  Plastic  Slide  Assembly 
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Commandant,  U.  S.  Marine  Corps,  Headquarters ,  U3MC, 

Washington  25,  D.  C.  ATTN;  (A03H)  104-107 

President,  U.  S.  Naval  War  College,  Newport,  Rhode  Island  108 

Superintendent,  U,  S.  Naval  Postgraduate  School,  Monterey, 

Calif.  109 

Commanding  Officer,  U.  S.  Naval  Schools  Command,  Naval 

Station,  Treasure  Island,  San  Francisco,  Calif.  110-111 

Director,  USMC  Development  Center,  USMC  Schools,  Quantico, 

Va.  ATTN:  Marine  Corps  Tactics  Board  112 

Director,  USMC  Development  Center,  USMC  Schools,  Quantico, 

7a.  ATTN:  Marine  Corps  Equipment  Board  113 

Commanding  Officer,  Fleet  Training  Center,  Naval  Base, 

Norfolk  11,  Va.  ATTN;  Special  Weapons  School  114-115 

Commanding  Officer,  Fleet  Training  Center,  (SPWP  School), 

Naval  Station,  San  Diego  36,  Calif.  116-117 

Commander,  Air  Force,  U.  S.  Pacific  Fleet,  Naval  Air  Sta¬ 
tion,  San  Diego,  Cali.'.  118 

Commander,  Training  Command,  U.  S.  Pacific  Fleet,  c/o  U.  S. 

Fleet  Sonar  School,  San  Diego  47,  Calif.  119 

Commanding  Officer,  Air  Development  Squadron  5,  U3N  Air 

Station,  Moffett  Field,  Calif.  120 

Commanding  Officer,  Naval  Damage  Control  Training  Center, 

U.  S.  Naval  Bese,  Philadelphia  12,  Pa.  ATTN:  ABC 
Defense  Course  121 

Commanding  Officer,  Naval  Unit,  Chemical  Corps  Scnooi, 

Ft.  McClellan,  Ala.  122 

Joint  Landing  Force  Board,  Marine  Barracks,  Camp  Lejeune, 

N.  C.  123 

Commander,  U-  3.  Naval  Ordnance  Laboratory,  Silver  Spring 

19,  Md.  ATTN:  EE  124 

Commander,  U.  S.  Naval  Ordnance  Laboratory,  Silver  3pring 

19,  Md.  ATTN:  Alias  125 

Commander,  U.  S.  Naval  Ordnance  laboratory,  Silver  Spring 

19,  Md.  ATTN:  A.Uex  126 

Commander,  U.  S.  Navel  Ordnance  Test  Station,  Inyokern, 

China  Lake,  Calif.  127 

Officer -in-Charge,  U.  S.  Naval  Civil  Engineering  Research 
and  Evaluation  Laboratory,  Construction  Battalion 
Center,  Port  Huer.eme,  Calif.  ATTN:  Code  753  128-129 

Commanding  Officer,  U3N  Medical  Research  Institute, 

National  Naval  Medical  Center,  Bethesda  14,  Md .  130 

Director,  U.  S.  Naval  Research  Laboratory,  Washington  25, 

D.  C.  131 

Comnanding  Officer  and  Director,  U3N  Electronics  Labo¬ 
ratory,  San  Diego  52,  Calif.  ATTN:  Code  210  132 
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Commanding  Officer,  irSN  Radiological  Defense  Laboratory, 

San  Francisco,  Calif.  ATTN:  Technical  Information 
Division  133-134 

Commanding  Officer  and  Director,  David  W.  Taylor  Model 

Basin,  Washington  7,  D.  C*  ATTN:  Library  135 

Commander,  Naval  Air  Development  Center,  Johnsville,  Pa.  136 

Commanding  Officer,  Office  of  Naval  Research  Branch  Office, 

1000  Geary  St.,  San  Francisco,  Calif.  137-136 

AIR  FORCE  ACTIVITIES 

Special  Asst,  to  Chief  of  Staff,  Headquarters,  USAF,  Rm 

5E1019,  Pentagon,  Washington  25,  D.  C.  139 

Assistant  for  Atomic  Energy,  Headquarters,  USAF,  Washington 

25,  D.  C.  ATTN:  DCS/0  140 

Assistant  for  Development  Planning,  Headquarters,  USAF, 

Washington  25,  D.  C.  141-142 

Director  of  Operations,  Headquarters,  USAF,  Washington 

25,  D.  C.  143-144 

Director  of  Plans,  Headquarters,  USAF,  Washington  25, 

D.  C.  ATTN:  War  Plans  Division  145 

Directorate  of  Requirements,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.  C.  ATTN:  AFDRQSA/M  146 

Directorate  of  Research,  and  Development,  Armament  Divi¬ 
sion,  DCS/D,  Headquarters,  U3AF,  Washington  25,  D.  C.  147 

Directorate  of  Intelligence,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.  C.  146-149 

The  Surgeon  General,  Headquarters,  USAF,  Washington  25, 

D.  C.  150-151 

Commanding  General,  U.  S.  Air  Forces  in  Europe,  APO  633, 

c/o  PM,  New  York,  N.  Y.  152 

Commanding  General,  Far  East  Air  Forces,  APO  925,  c/o  1M, 

San  Francisco,  Calif.  153 

Commanding  General,  Alaskan  Air  Command,  APO  9^2,  c/o  Hi, 

Seattle,  Wash.  154 

Commanding  General,  Northeast  Air  Command,  APO  862,  c/o  PM, 

New  York,  N.  Y.  155 

Commanding  General,  Strategic  Air  Command,  Offutt  AFB, 

Omaha,  Neb.  ATTN:  Chief,  Operations  Analysis  156 

CooBianding  General,  Tactical  Air  Command,  Langley  AFB,  Va. 

ATTN:  Documents  Security  Branch  157-159 

Commanding  General,  Air  Defense  Command,  Ent  AFB,  Colo.  160-161 

Commanding  General,  Air  Materiel  Command,  Wright-Patterson 

AFB,  Dayton,  Ohio  162-164 

Commanding  General,  Air  Training  Command,  Scott  AFB, 

Belleville,  Ill.  165-166 

Commanding  General,  Air  Research  and  Development  Command, 

PO  Bcu  1395,  Baltimore,  Md.  ATTN:  RDDN  I07-I69 
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Commanding  General,  Air  Proving  Ground,  Eglin 

AFB,  Fla.  ATTN:  AG/TRB  170 

Commanding  General,  Air  University,  Maxwell  AFB,  Ala.  171-175 

Commandant,  Air  Command  and  Staff  School,  Maxwell  AFB,  Ala.  176-177 
Commandant,  Air  Force  School  of  Aviation  Medicine, 

Rundolph  AFB,  Tex.  178-179 

Commanding  General,  Wright  Air  Development  Center,  Wright - 

Pattereor.  AFB,  Dayton,  Ohio.  ATTN:  WCOESF  I8Q-I85 

Commanding  General,  Air  Force  Cambridge  Research  Center, 

230  Albany  St.,  Cambridge  39,  Mass.  ATTN:  Atomic 
Warfare  Directorate  l8o 

Commanding  General,  Air  Force  Cambridge  Research  Center, 

230  Albany  St.,  Cambridge  39,  Mass.  ATTN:  CRTSL-2  l87 

Commanding  General,  AF  Special  Weapons  Center,  Kirtland  AFB, 

N.  Max.  ATTN:  Chief,  Technical  Library  Branch  188-190 

Commandant,  U3AF  Institute  of  Tecimology,  Wright-Patterson 

AFB,  Dayton,  Ohio.  ATTN:  Resident  College  191 

Commanding  General,  Lowry  AFB,  Denver,  Colo.  ATTN: 

Dept,  of  Armament  Training  192-193 

Comma  ndiiig  General,  1009th  Special  Weapons  Sq.,  1712  G 

St.,  NV,  Washington  25,  D.  C.  194-196 

The  RAND  Corporation,  ISOO-Uth  St.,  Santa  Monica,  Calif. 

ATTN:  Nuclear  Energy  Division  197-196 


OTHER  DEFTS.  OF  DEFENSE  ACTIVITIES 


Executive  Secretary,  Joint  Chiefs  of  Staff,  Washington  25, 

D.  C.  ATTN:  Joint  Strategic  Plans  Committee  199 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm  2E1006, 

Pentagon,  Washington  25,  D.  C.  200 

Assistant  for  Civil  Defense,  OSD,  Washington  25,  D.  C.  201 

Chairman,  Armed  Services  Explosives  Safety  Board,  D/D, 

Rm  2403,  Barton  Hall,  Washington  25,  D.  C.  202 

Chairman,  Research  and  Development  Board,  d/d,  Wash¬ 
ington  25,  D.  C.  ATTN:  Technical  Library  203 

Executive  Secretary,  Committee  on  Atomic  Energy,  Research 
and  Development  Board,  Rm  3E1075,  Pentagon,  Washington 
25,  D.  C.  204-205 

Executive  Secretary,  Military  Liaison  Committee,  F0  Box 

18 14,  Washington  25,  D.  C.  20b 

Commandant,  National  War  College,  Washington  25, 

D.  C.  ATTN:  Classified  Records  Section,  Library  207 

Commandant,  Armed  Forces  Staff  College,  Norfolk  11,  Va. 

ATTN :  Secretary  208 

Commanding  General.  Field  Command,  AFSWP,  P0  Box  5100, 

Albuquerque,  N.  Mex .  209-214 
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Commanding  General,  AFSWP,  PO  Box  2610,  Washington  13, 

D.  C.  215-223 

Director  of  Military  Application,  U.  S.  Atomic  Energy 
Comnission,  Classified  Document  Room,  1901  Con¬ 
stitution  Ave.,  Washington  25,  D.  C.  224-226 

Los  Alamos  Scientific  Laboratory,  Report  Library,  PO 

Box  1663,  Los  Alamos,  N.  Mex.  ATTN:  Helen  Redman  227-229 

Sandia  Corporation,  Classified  Document  Division,  Sandia 

Base,  Albuquerque,  N.  Mex.  ATTN:  Wynne  K.  Cox  230-249 

Weapon  Teat  Reports  Group,  TIS  250 

Surplus  In  TISOR  for  AFSWP  25I-3OO 
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